
 

  
 

  

Photo by Matt Lusk 



 

 



 

 

TABLE OF CONTENTS  

 
Introduction Page 5 

Description of VCAPS Process Page 8 

VCAPS Process in Nags Head Page 11 

Synthesized Diagram Results Page 14 

Action Prioritization Page 20 

Implementation Tables Page 20 

Gaps Identified Page 28 

Next Steps Page 30 

Appendices Page 32 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

ACKNOWLEDGEMENTS  

BOARD OF COMMISSIONERS 

Bob Edwards, Mayor 

Susie Walters, Mayor Pro Tem 

Renée Cahoon  

Marvin Demers  

John Ratzenberger 

PROJECT LEAD  

Jessica Whitehead, Hazards Adaptation 

Specialist, North Carolina Sea Grant  

Holly B. White, Principal Planner, Town of 

Nags Head  

Lisa Schiavinato, Extension Director, 

California Sea Grant 

 

CLIMATE ADAPTATION AND  

SEA LEVEL RISE COMMITTEE  

Marvin Demers  

John Ratzenberger 

Bob Brown 

Dave Elder 

Kate Murray 

Mark Cornwell 

Randy Blanton 

Louise Hanson 

Reide Corbett 

Andy Keeler  

Jason James 

Bob Muller  

Patrick McManus  

TOWN STAFF 

Andy Garman, Deputy Town Manager  

Kelly Wyatt, Deputy Director of 

Planning/Zoning Administrator 

Todd Krafft, Environmental Planner 

David Ryan, Town Engineer 

Ralph Barile, Public Works Director 

Kevin Zorc, Fire Chief 

 
OTHER CONTRIBUTORS 

Christian Kamrath, Resilience Planning 

Assistant, NC Sea Grant and Master's in City 

and Regional Planning Candidate, University 

of North Carolina at Chapel Hill 

Jordan Luebkemann, Law Fellow, North 

Carolina Coastal Resources Law, Planning, 

and Policy Center 

Rebecca Neubauer, Law Fellow, North 

Carolina Coastal Resources Law, Planning, 

and Policy Center 

UNC Coastal Studies Institute  

NC State University 

Binghamton University  

Carolinas Integrated Sciences & Assessments 

(CISA) 



Page 5 of 72 

 

 

INTRODUCTION  
 

The Town of Nags Head is an approximately 6.6-square mile beach community with 11 miles of 

ocean shoreline and 45.6 miles of estuarine shoreline located in Dare County on the Outer 

Banks. The town includes an abundance of natural resources beyond the beach that includes a 

maritime forest and unique geologic features that includes Jockeyõs Ridge. These natural 

resources directly contribute to Nags Headõs high quality of life both as a popular vacation 

destination and year round community. According to the 2010 U.S. Census, Nags Head has a 

year-round population of 2,757. However, the townõs population can increase to 40,000 during 

the tourist season.  

  

Due to its proximity to the Atlantic Ocean and Roanoke Sound, the town and its infrastructure 

are vulnerable to many hazards, including storm surge inundation from tropical storms and 

norõeasters, nuisance flooding, coastal erosion, and sea level rise.  These hazards threaten the 

life and safety of residents and visitors, and have the potential to damage or destroy both public 

and private property and disrupt the local economy and overall quality of life. Flooding during 

hurricanes, tropical storms, and norõeasters impacts the ocean and estuarine shorelines, as well 

as adjacent development that is vulnerable to the impacts of storm surge. Flooding also impacts 

many areas of the town with low ground elevations and/or high groundwater tables.  The town 

has experienced significant ponding, as much as 3 feet in some areas of town, during heavy 

rainfall events due to limited drainage features, flat topography, and high groundwater 

elevations.  High groundwater tables prevent infiltration of rainfall and stormwater.  Flooding 

not only causes public safety hazards due to flooded roadways, but can also be a public health 

hazard if septic tanks and drainfields become covered.   

 

The State of North Carolina, through the Federal Emergency Management Agencyõs (FEMAõs) 

Cooperating Technical Partnership, has assumed primary ownership and responsibility of the 

Flood Insurance Rate Maps (FIRMs) for all North Carolina communities. The FIRM maps depict 

the 1% annual chance of flooding (i.e. there is a 1% chance in any given year that the town will 

experience a 100-year flood event) in the Town of Nags Head.  These are called Special Flood 

Hazard Areas. There are two types of Special Flood Hazard Areas in the town; the VE zone and 

the AE zone. The AE zone includes areas subject to flooding from the 100-year storm event. 

The VE zone includes areas subject to flooding from the 100-year storm event as well as wave 

action of three feet or more. The town also includes areas vulnerable to flooding beyond the 

Special Flood Hazard Areas depicted on the maps. Properties in the X zone are considered to 

be outside the Special Flood Hazard Area and are not required to have flood insurance nor do 

they need to meet minimum construction standards. These properties are considered low or 

moderate risk and have .2% annual chance of flooding.  According to FEMA, while these areas 

have a reduced risk nearly 25% of all flood claims come from properties in an X flood zone.  
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The Town of Nags Head wants to improve its resilience to preserve the communityõs distinctive 

heritage and unique lifestyle, critical natural resources and coastal ecosystem, and core values 

as reflected in the 2017 Comprehensive Plan. A resilient Nags Head means our community will 

be better able to withstand, respond to, and recover rapidly from disruptions due to hazards 

without long-term damage to our economy or environment. It means the town will ideally 

require less government and/or private funding to recover, rebuild, and redevelop after a 

hazard occurs. Sustaining natural systems improves resilience by providing ecosystem services 

that directly or indirectly support our communityõs survival and quality of life. As stressors, like 

accelerating sea level rise, alter the damage we see from future hazards it may not be enough to 

repeat actions the town has used in the past to recover. Therefore, we must identify, study, 

and implement adaptations ð the actions the town, its residents, and business owners need to 

take to maintain and improve our resilience. 

 

Nags Head has adopted a comprehensive plan, hazard mitigation plan, and land use regulations 

such as zoning, stormwater, flood, and dune protection to help guide and manage development 

in this vulnerable environment. As reflected in the vision for the comprehensive plan, the town 

recognizes that it must be a good place to live before it can be a good place to visit. The town 

further strives to preserve and protect the Nags Head character, environment, tourism based 

economy, and sense of place in order to ensure a high quality of life for residents and a 

memorable family vacation experience for present and future generations. This requires that 

the town seek to balance its economic needs while preserving community character, the 

natural environment, and maintaining the quality of life through the funding of projects such as 

beach nourishment, beach access amenities, and multi-use paths. In addition, the town is 

beginning to plan for sea level rise and climate change, but currently seeks to enhance its 

understanding of its vulnerabilities and adaptation options as well as the legal and policy barriers 

to successfully implement planning tools to address the negative impacts of sea level rise. 

Nags Head initiated a comprehensive planning process in 2015, known as FOCUS Nags Head, 

in order to better plan for the future.  The Comprehensive Plan was adopted in July 2017.   The 

plan includes policies and actions that will require continued commitment to examine how sea 

level rise and climate change will impact the town and what the town and its citizens can do to 

protect vital infrastructure, preserve community character, and maintain a thriving local 

economy.   

Concurrently with the Comprehensive Planning Process, Nags Head contacted North Carolina 

Sea Grant to conduct an extension project to provide Nags Head with the data, legal and policy 

analysis it needs to understand its vulnerabilities and more effectively plan for the future. This 

project is rooted in a public process that involves generating community feedback to increase 

the publicsõ understanding of sea level rise. In a 2015 Board of Commissioners retreat, town 

staff developed several sea level rise adaptation goals, which this project will help Nags Head 

begin to: 
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I. Determine the factors that make Nags Head vulnerable; 

II. Explore adaptation and mitigation practices that may be used to offset negative impacts 

of sea level rise at a local scale; 

III. Obtain scientific information to enable effective decision making to address threats 

posed by sea level rise; 

IV. Identify areas vulnerable to sea level rise; 

V. Develop progress toward improving resiliency; and 

VI. Adopt a risk-based approach in planning policies. 

In order to assist in meeting these goals, this project also will help the town to understand the 

legal and policy implications of adaptation alternatives, including issues of environmental justice.  

Environmental justice is the fair treatment and meaningful involvement of all people regardless 

of race, color, national origin, or income with respect to the development, implementation, and 

enforcement of environmental laws, regulations, and policies. As part of the initial phase of this 

extension project, North Carolina Sea Grant utilized the Vulnerability Consequences and 

Adaptation Planning Scenario (VCAPS) process in the summer of 2015 (Table 1). Background 

research and semi-structured interviews were conducted during the summer, and a public 

VCAPS workshop was held on December 7-8, 2015. 

Table 1: VCAPS process timeline in Town of Nags Head. 

This report provides a summary and analysis of the public workshop, and subsequent meetings 

of the Climate Adaptation and Sea Level Rise Committee formed after this project was 

Date  Task 

Early 2015 Board Approval  

Summer 2015 
Á Research & Preparation 

Á Stakeholder Interviews 

Winter 2015 
Vulnerability, Consequences, Adaptation, Planning Scenarios (VCAPS) 

Workshop 

Spring 2016 
Á Drafting of Findings & Report 

Á Formation of Coastal Resiliency & Sea Level Rise Committee  

Summer 2016 

Follow Up Meetings 

June 2016- Review of Draft Plan 

August 2016- Prioritization  

Fall 2016- Current 
Á Finalize Report  

Á Incorporate actions and policies into Comprehensive Plan  

Spring/Summer 2017 
Á Final Committee Meeting 

Á Presentation to BOC  & Adoption  
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initiated.  The VCAPS workshop was open to the public and included three breakout groups 

resulting in three initial diagrams documenting Nags Headõs vulnerabilities to sea level rise and 

potential public and private actions the town and residents could take to reduce these 

vulnerabilities.  

DESCRIPTION OF VCAPS PROCESS 

Decisions about environmental hazards can be extremely complex to make. Communities may 

experience difficulties generating ideas about adaptations and determining the best strategies 

for improving resilience. One way to help decision-makers start these critical conversations is 

the Vulnerability, Consequences, and Adaptation Planning Scenarios ñ or VCAPS ñ process. 

Implemented in 17 coastal communities throughout the United States, VCAPS is a flexible, 

facilitated participatory methodology that provides a structure for resilience discussions. The 

Social and Environmental Research Institute and Carolinas Integrated Sciences and 

Assessments, along with the South Carolina Sea Grant Consortium and North Carolina Sea 

Grant, developed VCAPS with funding from the National Oceanic and Atmospheric 

Administrationõs Sectoral Applications Research Program. 

 

The VCAPS process is intended to help communities become more hazard resilient. During 

VCAPS, community members:  

¶ Engage in dialogue about future hazards.  

¶ Integrate local knowledge and experience about how the community will be impacted.  

¶ Identify gaps in data, knowledge or understanding.  

¶ Think strategically about how to prevent harm by taking action in both the short and 

long-term. 

 

VCAPS works best with a diverse group of participants who are knowledgeable about a 

community or region. Participants usually include elected officials, staff from local and state 

government, regional planners, business owners, residents, and other interested groups or 

organizations. The three phase process helps local decision makers produce scenarios, 

represented by diagrams, linking natural hazards to local consequences. First, interviews with a 

sample of local community stakeholders and decision-makers help prepare facilitators by 

highlighting potential challenges to hazard resilience. These interviews also identify scientific 

information that may be helpful information for everyone participating in the second phase of 

group meetings.  

 

In the second phase of a series of group meetings, stakeholders engage in facilitated 

conversations about the impacts and consequences of hazards in their community that are 

supported by real-time diagramming. At the beginning, facilitators provide scientific information 

on the communityõs future hazards based upon concerns expressed by local residents during 
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pre-meeting interviews and the best available science for the region. During the conversations, 

participants engage with scientists to clarify their understanding and assumptions. They also 

answer questions about the hazards and adaptation challenges to future resilience faced by their 

community. Facilitators help create diagrams of the causal pathways of hazards and impacts, 

which are projected onto a large screen for viewing. These diagrams allow group members to 

identify adaptation opportunities and actions appropriate for their community. Real-time 

diagramming helps each group discuss and express how hazards harm their community, making 

it easier to identify adaptation opportunities and actions that can make their community more 

resilient to an uncertain future. This type of collaborative fact-finding process that involves the 

community has proven to be crucial in gaining trust and buy-in leading to greater commitment 

and more successful implementation.   

 

VCAPS diagrams have several key elements, and are created using freeware from Tufts 

University called VUE (vue.tufts.edu). Key hazard nodes are management concerns, hazard 

stressors, outcomes, and consequences.  

¶ Management concerns  are any topics or areas of focus that can be relevant to the 

resource systems a community manages (e.g. shoreline management, public health, or 

emergency management).  

¶ Hazard stressors  are any event related to a natural hazard that puts stress on the 

community.  

¶ Outcomes are processes or events that occur in the social or ecological systems 

because of the hazard.  

¶ Consequences are implications of the outcomes that affect individuals, communities, 

institutions, or ecosystems that reflect losses that people care about or benefits that 

could be exploited. 

¶ Adaptation actions  are proactive or reactive actions to mitigate hazard stressors, 

outcomes, or consequences. These can be taken by either public entities or private 

entities, and are denoted by boxes stacked above the nodes.  

¶ Contextual factors  for each node may also be considered, which are things in the 

local physical or social environment that help shape the form of a hazard stressor, 

outcome, consequence, or action (i.e., things that make a node or action bigger, smaller, 

better, worse, or different). 

file:///C:/Users/jcwhite4/Documents/NC%20Sea%20Grant/Nags%20Head/VCAPS%20report/vue.tufts.edu
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¶  

 

Figure 1:  Building blocks of a VCAPS diagram. 

 

In the third phase, reports are created by using the diagrams to list adaptation actions that can 

be taken by public entities (local, county, regional, state, and federal governments) and by 

private entities (e.g., homeowners, business owners, and non-governmental organizations 

NGO). In the Town of Nags Head, this phase also included synthesizing the diagrams from 

three different breakout groups and having a town subcommittee go through a prioritization 

exercise to highlight important adaptation actions to consider first. This report represents the 

outcome of this third phase. Such reports can be used by participating communities as a 

roadmap to develop adaptation plans, or to consider strategizing adaptation actions into 

existing community plans and processes. 

 

VCAPS encourages participants to explore the countless number of environmental, economic, 

health, social and other impacts that may emerge in their community. Many people can benefit 

from VCAPS. Local governments can improve emergency services and ensure that key utilities, 

such as water, sewer, electricity and transportation, remain operational during emergencies. 

Individuals and organizations can take other actions to protect their health, property and 

livelihoods. 
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VCAPS PROCESS IN NAGS HEAD  
 

Stakeholder  Interviews  

 

In August 2015, the North Carolina Sea Grant team conducted 19 formal semi-structured 

interviews of local decision-makers and stakeholders, lasting between 30 minutes to two hours 

each. The semi-structured format means that new follow-up questions were allowed to emerge 

based on respondent answers, and that some questions were skipped if answers to those 

questions were already answered during the course of responses to previous questions. 

Because the primary purpose of the interviews was to inform VCAPS meetings, they were not 

rigorously coded for research analysis. There were 11 interviewees from the Town and Dare 

County municipalities (town staff, town elected officials, and Dare County staff), seven from the 

private sector (business owners, retirees with extensive knowledge of the Nags Head area, or 

NGO members), and one was from the North Carolina Department of Transportation. The 

team also had an informal discussion with a federal employee for informational purposes only 

(federal employees must go through an extensive review process to participate in research, and 

the research team judged that sufficient advice on synergistic federal activities, if any, could be 

received through informal discussion). North Carolina State Universityõs Institutional Review 

Board (IRB) reviewed the interview script and approved the interviews as human subjects 

research under the condition that confidentiality of the interviewees was protected. While 

some interviewees permitted us to quote them, some did not, and as such no identifying 

information is included with quotes in this report. 

 

Only three interviewees characterized themselves as having little understanding of sea level rise.  

However, even two out of those three interviewees described that hazards, such as storm 

surge, could be affected by sea level rise. When asked if sea level rise was already happening, 

interestingly no interviewees expressed clearly that sea level rise is not occurring. There were 

five other interviewees that gave extremely nuanced views. Several described that some 

hazards have changed although the interviewee could not attribute a cause. For example, one 

business owner did not attribute changes to sea level rise but expressed that s/he has seen 

drainage and standing water become more of a problem and noted that water remained longer 

after Hurricane Irene in 2011. One Town of Nags Head employee stated s/he understood that 

sea level rise is happening, but did not have evidence that current changes can be attributable to 

sea level rise: òIs beach erosion caused by sea level rise? I donõt know, I know the beach erodes 

away and the marsh erodes away. If sea level rise is driving this I donõt know. Marsh washes 

away when overtopped by water. I donõt believe itõs a cycle, itõs pretty much man made.ó Even 

in the case of a Dare County employee who described him/herself as not knowing whether sea 

level rise is occurring, the interviewee credited the Town of Nags Head for having the 

òstrategic visionó to consider the possibilities of damaging òworst caseó scenarios. 
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Key potential impacts listed by interviewees included erosion on both the ocean front and the 

sound side, and negative consequences of erosion including lost homes and the need to move 

Nags Head Woods Road, as well as the past loss of Surfside Drive and threats to Seagull Drive, 

as examples. Rising groundwater was also frequently cited, with potential impacts to septic 

function and underground utilities. Flood events were also cited, including two town staff 

members who expressed concern about eventual impacts to flood insurance. Locations 

frequently cited as being of concern to interviewees were South Nags Head, Vista Colony, 

Whalebone Junction, and the Causeway. One interviewee observed that during his/her 

residency in Dare County some of the marshy islands behind Whalehead Junction have been 

lost. 

 

Interviewees cited the need for education and awareness, including one interviewee who cited 

the need for more public forums. Five interviewees cited the need for visualizations of sea level 

rise; however, one interviewee expressed extreme concern about this strategy given that 

publicly available mapping tools may lack context to help someone understand what the levels 

of inundation mean and therefore may unfairly devalue property through perception. Several 

interviewees also described the need to develop ways to incentivize adaptation measures. 

 

Interestingly, cost was infrequently cited as a barrier to implementing adaptation planning and 

strategy ð only three interviewees cited cost first when asked about barriers. More frequently, 

interviewees cited government processes ð including the speed with which government works 

and the roles, responsibilities, and authorities to set policy between the state and local 

governments ð as barriers to adaptation (e.g., one interviewee gave an example that building 

codes exist but the NC General Assembly sets the number of inspections to ensure those 

codes are met). The need for awareness and communication was also cited as a barrier to 

adaptation planning, including public perception of the lack of an immediate threat from sea 

level rise. One interviewee expressed that encouraging the town and its staff in efforts to be 

creative would help reduce the effect of many barriers. 

 

VCAPS Meetings  

  

The VCAPS groups were convened at a public meeting on December 7 and 8, 2015. Invitations 

were sent to Nags Head committee members, as well as through public meeting notices 

including posts on social media. Print media coverage of the meetings and interview results led 

to a larger than anticipated public response, with 58 attendees who signed in. 

 

After introductions, meeting attendees viewed a presentation given by Drs. Reide Corbett and 

J.P. Walsh of the UNC-Coastal Studies Institute and East Carolina University. Dr. Jessica 

Whitehead then gave an introduction to the VCAPS process. To set the context for small 

group diagramming, Dr. Whitehead led a discussion about the values and visions the Town of 
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Nags Head has for resilience, based upon elements in the Town of Nags Head vision statement. 

With these goals and values in mind, attendees broke into three small groups to participate in 

the active VCAPS diagramming sessions. Because VCAPS diagrams rely on group discussion and 

large groups can inhibit participation, and the project team could only staff three trained VCAPS 

teams, participation in group discussion was limited to attendees who live (own or rent), work 

in, or work for the Town of Nags Head (including North Carolina Department of 

Transportation employees whose responsibilities include the town). Attendees spent 

approximately 1.5 hours diagramming before recessing the meeting until December 8th. After an 

additional 1.5 hours of diagramming time on December 8th, the breakout groups reassembled 

and reported out their findings in order to refine the statements of values and visions for 

resilience.  

 

In April 2016, the Town of Nags Head formed the Climate Adaptation and Sea Level Rise 

Committee, tasked with reviewing the initial draft of this report to ensure the diagrams were 

inclusive and reflective of all discussions among the three groups. The Committee completed 

this task in June and then asked Sea Grant and Nags Head town staff to combine all three group 

diagrams into a single synthesis diagram that reflected input from all groups. However, due to 

the complexity of the issues in each diagram, a single synthesis diagram was too complex to be 

meaningful and readable. Instead, Sea Grant and town staff produced two topical synthesis 

diagrams: one on adaptations for ocean and estuarine shoreline management, and another on 

adaptations for the built environment, including drinking water, septic, and stormwater 

management (encompassing risks to roads and structures). The Committee worked together to 

consolidate a number of suggested adaptation actions to 90 actions for public entities (local, 

state, and federal entities including public universities) and 35 actions for private entities 

(citizens, businesses, and NGOs). The actions generally fell into five categories: ocean 

management, estuarine shoreline management, stormwater management, water 

(ground/surface) management, and common cross sector topics mentioned in all groups (both 

diagrams).  
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SYNTHESIZED DIAGRAM RESULTS  

All Groups  (Both Diagrams ) 

As referenced in Section I, VCAPS diagrams proceed from hazard, to outcome, to 

consequence. In combining the breakout groupsõ individual diagrams into two topical diagrams, 

the team realized that nodes representing the hazards and some immediate outcomes from 

those hazards related to erosion appear on all topical diagrams. In other words, hazards like sea 

level rise and tropical storms and the immediate outcomes of these hazards for ocean side and 

sound side erosion are drivers that impact both shoreline management and stormwater and 

water management. Tropical storms, hurricanes, and norõeasters are all meteorological hazards 

which produce storm surges and overwash, both of which lead to shoreline erosion, which the 

Committee classified as its own natural hazard.  

Importantly, all three breakout groups identified sea level rise as an additional hazard of 

concern. The resulting higher ocean and sound water levels as additional hazards and outcomes 

of sea level rise could alter historic patterns and rates of oceanfront and sound side erosion. 

These elements are common to both management diagrams, and remaining outcomes, 

consequences, and adaptations follow. As a result, the hazards and outcomes appearing on both 

topical diagrams are also prioritized in their own category, because they represent the 

important forces behind all adaptations discussed. 

Ocean and Shoreline Management Diagram Description  

The Town of Nags Head is experienced in coping with ocean side erosion and has taken many 

actions to adapt.  This includes a locally funded beach nourishment project and formation of a 

Shoreline Management Committee.  Due to the extent of work and focus on this hazard, many 

of the outcomes of erosion and consequences are well developed and thought out. The 

diagram for shoreline management is discussed below.    

It was noted through the diagramming that erosion contributes to sand loss on the beach, 

narrowing it and reducing protective barriers, such as dunes (Figure 2). This loss of protective 

dune barriers has consequences for infrastructure (including roads, water lines, and septic 

systems) as well as structures. Beachfront property loss leads to fewer properties being built 

and maintained as well as outmigration from the oceanfront, leading to a loss of property value. 

This, combined with infrastructure loss, would lead to a reduced tax base for the Town of Nags 

Head, resulting in lost public services, increased taxes, and a reduced ability to pay for 

mitigative and adaptive actions.  Additionally, any beach narrowing that leads to a decline in 

beach aesthetics or loss of public trust use of the beach could impact tourism negatively, 
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resulting in job losses. While a full discussion of proposed actions follows below, it is worth 

noting that one proposed action to reduce beach loss ð a beach nourishment coalition to 

synchronize multiple beach townsõ needs and plans without sacrificing control ð could result in 

the benefit of cost savings from coordinating nourishment projects. This is particularly useful if 

beaches need to be nourished more frequently than in the past.  

 

Figure 2:  Sample section of VCAPS diagram demonstrating pathway from 

oceanside erosion to beach loss to damaged structures and ultimately lost tax 

base. A discussion of sand transport was also noted as an additional outcome of 

altered ocean side erosion due to storms and sea level rise. Concerns were 

raised about whether the depth of Oregon Inlet could be compromised, leading 

to Inlet closure (although this has not been verified as an actual cause). Dredging 

and maintenance were mentioned as strategies, but installing a groin at the 

southern end of the town could also have unknown and unintended effects that 

could increase cost pressures on the Town of Nags Head. 

The synthesized diagram raised the question of when sea level rise and storminess could force a 

tipping point in beach renourishment costs or force limitations on beach renourishment 

frequency through limits on available beach-quality sand, which would increase pressure on the 

town. Adaptive actions, such as uncoordinated sandbag placement, could alter velocity zones 

that accelerate erosion, leading to houses sitting on the public trust beach. Additionally, groups 

noted that sand bags (acting as sea walls) fail over time. One group discussed jetties to help 

retain sand and reduce renourishment frequency. However, they also expressed concern that a 
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jetty could accelerate erosion on Pea Island, leading to difficulty accessing Hatteras Island due to 

Pea Island road and bridge impacts.  

Erosion on the sound side also raised concerns (Figure 3), and groups noted the severity of the 

problem would depend on the rate of marsh accretion versus sea level rise rate ð i.e., whether 

sea level rise will proceed slowly enough that marshes can build up in response, or if sea level 

rise will accelerate to a rate fast enough to inundate marshes. Marsh loss and sound side 

erosion would lead to infrastructure protection loss, loss of private property, and structure 

damage. This could lead to a decrease in property values. Marsh loss would also degrade 

nursery areas for fisheries, possibly leading to a loss of habitat for marine life. Losses to 

recreation and both commercial and recreational fisheries would lead to reduced business 

revenue, jobs, and quality of life. These would have consequences to the Town of Nags Head 

through lost tax revenue, including through loss of residents and decreased tourism revenue. 

Figure 3:  Sample section of VCAPS diagram showing pathway of sea level rise 

to sound side erosion to loss of sound side shoreline. Important consequences 

include damaged properties, lost infrastructure, and degraded fisheries habitat. 

 

Ground and Surface Water Management Diagram Description  

All three groups noted that both sea level rise and heavy rainfall events may be contributing to 

a rising water table in Nags Head. Heavy rainfall events, coupled with runoff from increased 

impervious surfaces, in addition to the intrusion of salt water into groundwater, act to raise the 

water table and decrease the depth of the unsaturated zone between the water table and the 
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surface. If the water table is high enough, it can contribute to standing water on land. Based on 

the science presentation, participants also noted that it is important to these sectors if new 

inlets are formed in response to ocean side and sound side erosion and storms.  

The Town of Nags Head purchases drinking water from the Dare County Regional Water 

System, sourced from ground water wells in the Skyco area of Roanoke Island (Upper 

Yorktown Aquifer), Kill Devil Hills, and Nags Head (Mid Yorktown Aquifer). Participants were 

concerned about whether sea level rise could lead to increasing saltwater intrusion into the 

surficial aquifers that recharge deeper aquifers used for drinking water. Changes in the balance 

of fresh and salt water balance could lead to a change in the availability of fresh water and, if 

severe, a need to change drinking water sources.  

Additional connections with drinking water include the issue of importing groundwater from 

the mainland and other areas of the Outer Banks with discharge as wastewater into the surface 

water table through septic systems. This issue, in combination with both stormwater runoff and 

sea level rise, could contribute to higher water tables. Higher water tables have several 

implications, including increased standing water above ground during times of extremely high 

water tables. One group identified a key potential tipping point for further investigation ð this 

includes examining when the cost to treat standing water due to stormwater and high water 

tables would exceed the revenues that are available to deal with these problems.  

Higher water tables are critically relevant to potential changes in septic function, an issue that is 

only now beginning to be studied in coastal areas. Elevated water tables are already an 

occasional seasonal problem in parts of Nags Head, leading to a decrease in the unsaturated 

zone and reduced recovery time.  These may increase the risk of septic system malfunction 

(Figure 4), especially depending on the system type, soil type, maintenance history, age 

compared to the design life of the system, and whether or not the system meets current code. 

All these factors increase the risk that a septic system will not continue to function properly 

when exposed to higher water tables or direct damage from inundation or sound-side and 

ocean-side overwash. If conditions from water table height or inundation occur frequently 

enough to lead to septic system failure, this could lead to the condemnation of homes due to 

the inability to treat wastewater.  
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 Figure 4:  Sample section of VCAPS diagram with pathway from decreased unsaturated 

zone to multiple stressors contributing to septic system malfunction and potential 

failure. Should consequences include exceeded water quality standards, in time this may 

even lead to human health impacts and lost beach use. 

Should this occur with enough homes, fecal coliform contamination could begin to become a 

concern, especially once water quality standards are exceeded. Participants identified the need 

to define a tipping point at which sea level rise reaches a threshold when septic function 

declines enough that human waste becomes a problem. However, this is an emerging area of 

scientific research so not enough information exists to define if or when this could become a 

significant problem in the Town of Nags Head. 

The consequences of fecal coliform contamination include human health issues and recreational 

water access advisories or closures that could lead to the loss of public use of the beach. Poor 

public perception of water quality may eventually impact tourism, leading to job losses and loss 

of tax base. A reduced tax base would mean fewer public services, higher taxes, and an inability 

to pay for adaptive options, decreasing the quality of life in Nags Head. Declines in water quality 

ð both from septic system failure and from increased standing water due to water table height ð 

could also have consequences for ecological health. Poor water quality could lead to a decline 

in fish and shellfish health and even fish kills, negatively impacting the fishing industry. 

Finally, sound side and ocean side inundation, stormwater runoff, or a combination of both can 

lead to the flooding of roads, ditches, and structures in Nags Head.  Road and ditch flooding 

may lead to sand deposits in roads and ditches. Additionally, flooded roads and ditches pose 

public safety and infrastructure concerns, including elongated recovery times. Inundated roads 

prevent property access, and, if inundation occurs frequently enough, roadways could become 

structurally compromised, limiting accessibility for emergency managers. Utilities, such as 


